Early detection and treatment of lung disease in patients with rheumatoid arthritis (RA) may ameliorate disease progression. The objectives of this study were to investigate the frequency of asymptomatic lung abnormalities in early RA patients and the potential association of positive RA blood reactive biomolecules with lung involvement. A prospective observational study was performed in a cohort of patients with early RA (joint symptoms < 2 years) without respiratory symptoms, who were included in a screening program for lung disease with a baseline chest radiograph (CR) and complete pulmonary function tests (PFTs). In those patients with lung abnormalities on the CR or PFTs, a high-resolution chest computed tomography scan (HRCT) was performed. We included 40 patients (30 women). Altered PFTs were detected in 18 (45%) of these patients. These cases had a diffusion lung transfer capacity of carbon monoxide (DLCO) of <80% of predicted, without a significant reduction in the forced vital capacity. The HRCT detected abnormalities in 11 of the 18 patients. Diffuse bronchiectasis was the main finding. An inverse correlation between the anticitrullinated peptide antibody (ACPA) levels and DLCO was found. Asymptomatic lung disease is present in up to 45% of early RA patients and can be determined by PFTs and ACPA levels.
Introduction
Rheumatoid arthritis (RA) affects all the anatomic structures of the lung. Airway disease is common, with up to 30% incidence of bronchiectasis on high-resolution computerized tomography scan (HRCT) in some studies. However, clinically significant disease is much less frequent. 1 Small airway disease that manifests as bronchiolitis can also be present. Interstitial lung disease (ILD) is the most common manifestation of rheumatoid lung disease and is associated with high morbidity and mortality. For example, in a population-based survey, the median survival was only 2.6 years after ILD diagnosis. ILD represented 13% of the overall mortality of RA. 2 The risk of death is three times higher for RA patients with ILD than for those without. 2 Clinically significant ILD related to RA (RA-ILD) is observed in 8%10% of RA patients. [2] [3] [4] [5] However, ILD is more common in RA patients who were older at the time of disease onset and in male patients, the natural history and pathogenic determinants of RA-ILD are not well defined. However, the relationship between the presence of ILD and the severity of the rheumatologic disease remains controversial. 11 The only risk factor that has been identified and can therefore be prevented is smoking. Importantly, it has been suggested that while smoking, the HLA-DRB1 ''shared epitope'' and anti-citrullinated peptide antibodies (ACPAs) interact and increase the risk of RA-ILD. 9, 12 In support of this, smoking has been associated with higher levels of pulmonary peptidyl arginine deiminase-2 (PAD2), an enzyme that catalyzes the posttranslational modification of arginine to citrulline. 13 Higher levels of citrullination were observed in the cells obtained by bronchoalveolar lavage from smokers than in those obtained from nonsmokers. 14 In another study, 15 citrullinated proteins were detected in the lung tissue of patients with both RA and idiopathic ILD. Despite this circumstantial evidence, it remains unclear whether citrullination of lung proteins represents a mechanistic link between respiratory exposure and autoimmunity in RA. An association between ACPA and ILD in RA is still unknown.
In most cases, the lung disease occurs in the first 5 years after RA onset. A diagnosis of lung disease is preceded by an asymptomatic period of variable duration, during which functional or radiographic alterations can already be observed. 2 Early detection of such alterations could change the course of the lung disease by avoiding risk factors (such as smoking or environmental exposures), preventing infections, or choosing RA drugs that are less harmful for the lung. Nonetheless, the prevalence of asymptomatic preclinical lung disease in individuals with RA is unknown. The majority of studies on lung involvement in RA have included patients with long-standing RA. Only a few studies have included patients with early RA (duration of symptoms less than 2 years) and clinical pulmonary involvement., [16] [17] [18] [19] To the best of our knowledge, none has focused on patients who do not present with respiratory symptoms. It is also not yet known whether the new intensive treatment strategies for RA result in a reduction of the prevalence of lung disease involvement (which seems to be related to RA severity), which as has been demonstrated with other extra-articular manifestations, such as vasculitis.
The objectives of the present study were to: (1) investigate the frequency of asymptomatic preclinical lung disease in early RA patients (duration of symptoms less than two years) to determine how early the lungs are affected in the disease and establish whether systematically screening asymptomatic patients for this complication is clinically advantageous and (2) study the potential association of ACPA positivity with RA-associated lung disease.
Materials and methods

Patient recruitment and selection criteria
A total of 40 patients with early diagnosis of RA between January 2011 and December 2012 were included in this prospective study. All the subjects attended an early arthritis outpatient clinic in the Rheumatology Department of the Hospital Universitari de Bellvitge, a 1000-bed tertiary care teaching institution in Barcelona, Spain. The inclusion criteria were as follows: (1) age >18 years; (2) diagnosis of RA according to the 1987 American College of Rheumatology classification criteria 20 ; (3) duration of joint symptoms >6 weeks and 24 months; (4) previous treatment with nonsteroidal anti-inflammatory drugs, small doses or corticosteroids ( 7.5 mg/day of prednisone or equivalent) or disease-modifying antirheumatic drugs (i.e., methotrexate or leflunomide) for no more than 6 months; and (5) absence of respiratory symptoms (patients were asked about dyspnea, cough, or wheezing). Subjects were excluded if they had other collagen vascular disorders, chronic disorders involving the lung prior to the rheumatologic disease (cardiac or lung disease) diagnosis, or a history of exposure to fibrogenic substances.
In accordance with the guidelines of our institutional ethics committee, formal approval for this study was not required. Informed consent was obtained for every participating patient.
Clinical assessment
Baseline data were collected by the same rheumatologist and included age, sex, duration of joint symptoms, smoking habits, acute phase reactants at the time of the study (erythrocyte sedimentation rate and C-reactive protein (CRP)), serological status for rheumatoid factor and ACPA, swollen and tender joint count in 28 joints, DAS28-CRP score, Health Assessment Questionnaire (HAQ), presence of rheumatoid nodules, and evidence of erosion (as established by radiographs of hands, wrists, and feet). ACPA levels (immunoglobulin G) were measured using a commercially available second-generation enzymelinked immunosorbent assay kit: EliATM CCP Assay on an ImmunoCAP250 instrument (Phadia, Germany).
For every participant, a baseline chest radiograph (CR) and PFTs, including spirometry and assessment of diffusing lung capacity for carbon monoxide (DLCO) were performed in accordance with the Spanish Society of Respiratory Medicine and Thoracic Surgery guidelines. 21 In those patients with lung abnormalities in the CR, that is, any alteration in spirometry or impaired diffusion (defined as <80% of the predicted value for forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ) and DLCO, respectively), an HRCT of the chest was obtained to confirm the presence of lung disease and determine the radiographic pattern. HRCT features of ILD included ground glass opacities, septal lines, reticulation, honeycombing, traction bronchiectasis, and pulmonary nodules. Every radiologic test was reviewed by an expert lung disease radiologist.
Statistical analysis
Continuous data are reported as the mean + standard deviation when a normal distribution was observed and as the median and range when the assumption of normality was not justified. Categorical variables are reported as percentages. Comparisons were made using the Student's t-test for independent continuous variables or the Mann-Whitney U test when the assumption of normality was not justified. To analyze categorical data, we performed a w 2 test or Fisher's exact test when the expected values were less than five.
Possible correlations between the DLCO values and demographic, clinical, laboratory, and treatment variables were explored. Correlations were demonstrated using a linear regression. Significance was tested using Pearson's or Spearman's test when the assumption of normality was not justified. A linear regression multivariate model was used to adjust the correlation between DLCO values and ACPA levels for tobacco exposure. Data were analyzed with the SPSS 5.0 statistical package. The values of p < 0.05 were considered statistically significant.
Results
The main characteristics of the study cohort are summarized in Table 1 . The mean age of the 40 patients (30 women) at the time of the study was 47 + 12 years (range: 19-74). The median disease duration was 12 months. Fifteen patients (41.7%) had exposure to tobacco smoking. None reported respiratory symptoms at the time of inclusion in the study.
PFT abnormalities
A total of 18 patients (45%) presented with alterations in the PFTs. All cases had a DLCO <80% of predicted, without any significant reduction in the FVC values (Figures 1 and 2) . Only one patient presented with an FEV 1 lower than 80% of the predicted value. The mean value (SD) of the DLCO in this subgroup of patients was 68% (9.74). There were no differences in the PFT results according to the age of the patients. Confounding factors, such as smoking history and methotrexate treatment, were analyzed. While lower DLCO values were found in previous or current smokers, no differences were observed between the patients with exposure to methotrexate and those without ( Table 2) .
Imaging studies
Five patients presented with pulmonary findings in the CR defined as subpleural reticular infiltrates, alveolar bilateral infiltrates, unilateral pleural effusion, and alterations suggesting emphysema (in two patients). An HRCT was performed on 19 patients. Abnormalities were detected in 11 patients. Of these patients, one presented with nonspecific nodules and ground glass opacities with traction bronchiectasis that were suggestive of nonspecific interstitial pneumonia (NSIP) and another presented with a radiographic pattern of organizing pneumonia (OP) with ground glass opacities and focal alveolar consolidations. Other radiologic abnormalities found in other patients were emphysema, nonspecific pulmonary nodules, nonspecific air trapping or cylindric bronchiectasis, and meeting Fleischner criteria 22 (Table 3 ). In our series, bronchiectasis was the predominant radiologic finding, with 8 of 11 patients presenting diffuse cylindric bronchiectasis in the absence of fibrosis ( Figure 3 ). In two of these cases, bronchiectasis was associated with radiologic findings consistent with ILD (NSIP and OP patterns). The patient with bilateral alveolar infiltrates on the CR presented with an OP pattern on the HRCT. One of the two patients with alterations suggesting emphysema on the CR presented with an NSIP pattern. The other patient presented with emphysema on the HRCT. The patient with pleural effusion on the CR also presented with diffuse bronchiectasis, emphysema, and nonspecific nodules on the HRCT. In eight patients with abnormal DLCO values (<80%), the HRCT was normal. This alteration could not be attributed to the presence of anemia in any of these cases.
Correlations between baseline DLCO values and demographic, clinical, laboratory, and treatment variables
A significant inverse correlation between the ACPA levels and baseline DLCO was found in the entire cohort (À0.45, p ¼ 0.004). This correlation was also found in the subgroup of patients with a low DLCO (À0.62, p ¼ 0.008). This correlation was present even after adjusting for tobacco exposure (p ¼ 0.1). No significant association was found between tobacco smoking and the ACPA serum levels. We also observed a significant association between the severity of disease activity as measured by DAS28-CRP and baseline DLCO values. The correlation coefficients are shown in Tables 2 and 4 .
Discussion
The results of the present study show that the patients with recent onset RA and no respiratory symptoms frequently present with PFT abnormalities. Furthermore, the correlation between physiological lung abnormalities and rheumatoid activity parameters indicates a possible association between lung involvement and severity of disease activity. This suggests that some biological parameters could help to identify patients with a higher risk of lung involvement.
The majority of previous studies regarding RA-associated lung disease included patients with long-standing articular disease. Previous studies of early RA show a prevalence of physiological lung abnormalities similar to that presented here (33%-40%). [16] [17] [18] [19] This indicates that there is a subclinical period of lung involvement in RA disease and that when respiratory symptoms appear clinically, the pulmonary disease is already advanced. Therefore, including a pulmonary function assessment could be useful for all RA patients from the initial diagnosis, regardless their clinical respiratory symptoms.
Abnormalities in the HRCT were observed in 58% of the patients who underwent this diagnostic procedure, all of whom had a low DLCO. Contrary to other studies, an HRCT was not evaluated in patients with a normal DLCO, because we considered that this procedure was not justified in the absence of clinical manifestations and functional lung impairment. In our sample, the main finding was diffuse cylindric bronchiectasis, in contrast to other previously reported, 16, 17, 19 in which the main findings were septal thickening, ground glass opacities, and air trapping. We should mention that there is no agreement on the HRCT findings between the different series reported, which could mean that in the early stage of rheumatologic disease, the radiological abnormalities are variable and nonspecific.
A recent meta-analysis 23 showed that serum ACPA positivity is associated with a higher risk for RA-related pulmonary disease in patients with different time of evolution of RA. In early RA, Wilsher et al. 17 found a correlation between lower values of DLCO and higher serum levels of ACPA. Our findings in the present study support this association. The mechanism of increased risk for associated lung disease in the presence of higher serum levels of ACPA remains unclear. Several theories involving smoking, the HLA-DRB1 shared epitope, and ACPA as mediators of pulmonary tissue damage have been proposed. 9, 12, 24, 25 In our study, lower values of DLCO and the unique case of decreased FEV 1 were observed in patients with exposure to tobacco. The four patients with emphysema on HRCT were current or former smokers. No significant relationship was found between exposure to tobacco and ACPA levels. Nevertheless, the ACPA levels were higher in smokers. This trend could have reached statistical significance if the number of patients had been higher. The ACPA levels were higher in the patients with a low DLCO even after adjusting for tobacco exposure.
Habib et al. 19 demonstrated a correlation between clinically significant lung impairment and the severity of articular disease as measured by DAS28erythrocyte sedimentation rate. In other studies, no correlations were found between lung impairment and rheumatologic disease activity. 17, 26 To our knowledge, DAS28-CRP has not been tested in recent onset RA. In the present study, a significant correlation between the severity of the articular disease measured by DAS28-CRP and the levels of DLCO was observed, which leads us to think that the articular inflammatory process and lung disease of these patients could share common pathophysiological processes as previously reported. 27 One limiting factor is the total number of patients included, although this number is similar to that in previous studies. Furthermore, the majority of patients were undergoing treatment with prednisone or methotrexate, drugs that could interfere in PFT results, although no differences in DLCO were found after adjusting for treatment with methotrexate.
Smoking can be a confusing factor because exposure to tobacco smoking could trigger lung damage in predisposed individuals, such as RA patients. Despite these factors, the present results show that lung disease may be present from the beginning of the rheumatic process, without presenting respiratory symptoms, mainly in cases with higher ACPA serum levels. DLCO, a noninvasive procedure, is a good method for identifying this lung disease.
Identifying lung disease in the early stages of RA is important because it is the second most common cause of death in RA patients. The detection of subclinical lung function impairment could help lower the incidence of clinically significant lung disease in the future by implementing smoking advice, preventing respiratory infections or selecting those drugs for RA that are less harmful to the lung in these patients.
Despite the fact that more than one-third of the patients with recent onset RA have functional alterations compatible with lung disease, until the present study, the existing data did not show sufficient evidence to recommend lung disease screening using a PFT in this group of patients. Nevertheless, the prevalence of lung disease in these patients is remarkable, and its future significance is yet to be determined. These aspects should be the focus of future longitudinal studies that would help to elucidate the natural evolution of these alterations and provide a better understanding of the natural history of the disease.
